Background -The presence of tumor-infiltrating lymphocytes (TILs) in the tumor microenvironment is associated with an improved prognosis and a better response to therapy in different types of cancer. In this systematic review and meta-analysis, we investigated the prognostic value of T cells in head and neck squamous cell carcinoma (HNSCC). Methods -In a systematic review, Pubmed and Embase were searched for publications that investigated the prognostic value of T cells in HNSCC. A meta-analysis was performed including all studies assessing the association between CD3C, CD4C, CD8C, and FoxP3C TILs and overall survival (OS), disease-free survival (DFS), or locoregional control (LRC). Conclusion -This systematic review and meta-analysis confirmed the favorable, prognostic role of CD3C and CD8C T cell infiltration in HNSCC patients and found an association between FoxP3C TILs and improved overall survival. Future studies using homogeneous patient cohorts with regard to tumor subsite, stage and treatment are necessary to provide more insight in the predictive value of TILs in HNSCC.
Introduction
With over 600,000 new cases per year worldwide, head and neck squamous cell carcinoma (HNSCC) is the sixth most common malignancy in developed countries. 1 However, despite numerous developments in treatment modalities, the diseasefree and overall survival of head and neck cancer patients barely improved over the last decades.
2 Currently, it is not possible to accurately predict treatment outcome in HNSCC patients, because robust predictive biomarkers are lacking.
To identify new predictive biomarkers, a lot of focus has been on the biologic properties of cancer cells. However, new insights show that tumor aggressiveness and therapy resistance are also influenced by the interplay between tumor cells and their micro-environment. 3, 4 Therapies targeting this interaction are rapidly evolving and are already implemented in different types of cancer. Soon, immunotherapy is very likely to become implemented in the standard treatment regiments of HNSCC patients. 5, 6 Clarifying the prognostic value of the presence of tumorinfiltrating immune cells might lead to a better understanding of the role of different elements of the head and neck tumor microenvironment. Moreover, identifying predictive biomarkers, which specifically predict treatment outcome, is essential to direct personalized medicine.
Many studies indicated the presence of tumor-infiltrating lymphocytes (TILs) to be a favorable prognostic factor for treatment outcome in different types of cancer. 7 However, different subsets of lymphocytes have different or even opposing functions in the tumor microenvironment.
Cytotoxic T-lymphocytes, characterized by the expression of CD8, have the ability to directly target and destroy tumor cells through binding to MHC class I molecules, and have therefore been studied extensively. 8 The presence of CD8C lymphocytes in the tumor microenvironment has been associated with a better prognosis in many types of cancer, [9] [10] [11] which is currently also an important target of new treatment strategies.
The role of CD4C helper T-cells is unclear, because a wide range of CD4C cell subsets with different functions exists. 16 CD4C Th1 cells promote the anti-tumor immune response by stimulating CD8C cytotoxic T-cells, but CD4C Th2 cells are also related to anti-tumor immunity. 17 On the other hand, CD4C regulatory T-cells are thought to inhibit an effective anti-tumor immune response. 13 The exact role of the more recently described CD4C cytotoxic T-cells and follicular helper T-cells in tumor immune surveillance has not been clarified yet. 16 In this study, we systematically reviewed the literature for publications about the prognostic value of T-lymphocytes and CD4C, CD8C, and FoxP3C T-cell subsets in HNSCC. We aimed to include all studies that assessed tumor infiltration with CD3C, CD4C, CD8C, or FoxP3C lymphocytes as well as the ratios between these markers as a prognostic biomarker in HNSCC.
Methods

Search strategy
A broad search was conducted that included the domain ("HNSCC"), the determinant ("Tumor-infiltrating T-cells"), their synonyms, and a filter for prognostic studies. 18 Pubmed/ Medline and Embase were searched for publications based on title and abstract. The complete search strategy is shown in Supplementary Table 1. Two researchers (ERU and MOO) independently screened the abstracts based on predetermined in-and exclusion criteria (Supplementary Table 2 ). A final selection was made by full-text reading of the selected studies. Discrepancies between the two researchers were discussed and resolved by consensus. T-cell markers assessed in two or more studies qualified for inclusion.
Inclusion criteria
Studies were included in which the prognostic value of CD3C, CD4C, CD8C, and/or FoxP3C lymphocytes was investigated in patients with oral cavity, oropharyngeal, hypopharyngeal, or laryngeal carcinoma. TILs had to be evaluated immunohistochemically; studies which only evaluated hematoxylin-and eosin-stained sections were excluded. Only publications about lymphocytes in the tumor epithelium were included. Studies that only investigated lymphocytes in the tumor stroma did not qualify. The prognostic value had to be investigated by time-to-event survival analysis with either overall survival (OS), disease-free survival (DFS) or locoregional control (LRC). Original articles published in English between January 2006 and December 2016 were eligible for inclusion. Animal studies, case reports, and commentaries were excluded.
Data extraction
The following data were obtained from each included publication: author and title, year of publication, biomarker(s), sample size, tumor subsite, tumor stage, HPV status, treatment modality, median follow-up time, scoring methods, cutoffs, and finally outcome of univariate and multivariate analysis defined by hazard ratio (HR), 95%-confidence interval (CI), and p-values. When these parameters were not mentioned in the article, we extracted the data from KaplanMeier curves by digitizing the curves using the open-source Engauge Digitizer software (http://digitizer.sourceforge.net/) and estimating the univariate HR. 19 When HRs were not mentioned and Kaplan-Meier curves were not available, or HRs did not match the shown Kaplan-Meier curves, studies were excluded from the meta-analysis. Because HPV positive and HPV negative head and neck tumors are considered as different disease entities, 20, 21 we recorded data for these two subgroups separately.
Assessment of study quality
This study is compliant with the PRISMA checklist. 22 All relevant publications were appraised for risk of bias using the Quality and Prognosis Studies (QUIPS) criteria, a validated and useful tool for systematic reviewers for the critical appraisal of study quality. 23 The risk of bias was scored as low, moderate or high for six different domains: study participation, study attrition, prognostic factor measurement, outcome measurement, study confounding and statistical analysis, and reporting. For this systematic review, baseline characteristics included HPV status, T-and N-stage, and treatment modality. Studies that used consecutive cohorts, stratified for HPV status, clearly described their methods of quantification, and included treatment in their analysis were valued highest. The risk of bias was assessed by two researchers (ERU and MOO) independently. Differences were resolved by discussion.
Statistical analysis
For the meta-analysis, HRs were used that described the risk of event for high TILs versus low TILs. If the study reported the HR for low TILs vs. high TILs, the reciprocal was taken. The meta-analysis and creation of the forest plots was performed in Review Manager version 5.0.
Results
Study selection and characteristics
The Pubmed/Medline and EMBASE search yielded 2550 hits after removing duplicates (Fig. 1) . Of the 122 publications that remained after the abstract screening 48 were conference abstracts, 2 were in Polish, and 3 were not available. Therefore, 69 full-text articles were evaluated, of which 28 met our inclusion criteria. Of these, 7 could not be included because no hazard ratios or Kaplan-Meier curves were available or because the reported hazard ratios did not match their Kaplan-Meier curves; 3 studies were excluded because they reported outcome in terms of disease-specific survival; 2 studies evaluated FoxP3 expression on tumor cells instead of TILs. Table 1 gives an overview of the study characteristics of the remaining 19 studies that were eligible for inclusion in the meta-analysis after appraisal. The characteristics of studies that fulfilled the inclusion criteria, but could not be included in the meta-analysis are shown in Supplementary 26 Most studies included HPV-positive as well as HPV-negative patients, multiple subsites and multiple treatment modalities.
Quality assessment
The 28 studies remaining after full text screening were critically appraised for risk of bias using the QUIPS criteria. Almost no study mentioned study attrition or provided information about patients lost to follow-up. Most studies did not use consecutive cohorts. Several studies were unclear about their scoring methods, especially regarding TIL location (epithelial vs. stromal). This was accounted for in the prognostic factor measurement domain. Also, studies used data-dependent cut-offs, but since no consensus exists on cut-offs, this was not considered in the prognostic factor measurement domain. The complete quality assessment of the publications included in the meta-analysis is shown in Table 2 . The quality assessment of the excluded articles after full text screening is shown in Supplementary  Table 4 .
CD3C TILs as prognostic biomarker
The prognostic value of CD3 was assessed in 9 studies, of which 6 were eligible for inclusion in the meta-analysis. The results of the meta-analysis are shown in Fig. 2 . In HPV-negative patients, the pooled meta-analysis showed an advantage for high CD3C TIL infiltration (pooled HR 0.64 (CI 0.47-0.85) for OS, pooled HR 0.63 (0.49-0.82) for DFS) (Fig. 2a) . The 2 studies that reported LRC did not yield a conclusive result (pooled HR 0.72 (0.40-1.31)).
In HPV-positive patients, a similar advantage for high CD3C cell count was observed. Two studies reported a better overall survival in patients with high CD3C TIL infiltration (pooled HR 0.45 (0.28-0.72) (Fig. 2b) . One study reported on LRC, but did not find a correlation with CD3C TIL infiltration (HR 0.93 (0.56-1.54)). No studies reported data on disease-free survival for HPV-positive patients.
CD4CTILs as prognostic biomarker
Four studies presented data on the prognostic value of CD4C TILs. In HPV-negative patient cohorts, high CD4C TILs were associated with a better overall survival (pooled HR 0.76 (0.64-0.89)), as well as with a better locoregional control (pooled HR 0.81 (0.68-0.96)) (Fig. 3a) . The only study that reported on disease-free survival found an advantage for patients with high CD4C TIL count (HR 0.49 (0.24-0.98)).
Two studies investigated CD4C TILs in relation to the prognosis of HPV-positive patients. These showed contradictory results (pooled HR 1.33 (0.63-2.81)) (Fig. 3b) . One study reported data on locoregional control and found a non- Remarkably, 10 studies that were excluded from the metaanalysis, did assess CD4C TILs as a prognostic marker, but a substantial part of these studies did not report HRs or Kaplan-Meier curves because they did not find a significant result.
CD8C TILs as prognostic biomarker
CD8C TILs were most frequently assessed in the included studies: 12 studies were eligible for inclusion in the meta-analysis. A favorable outcome for high CD8C TIL count was observed for each outcome measurement in HPV-negative patients (pooled HR 0.67 (0.58-0.79) for OS, pooled HR 0.50 (0.37-0.68) for DFS, and pooled HR 0.82 (0.70-0.96) for LRC) (Fig. 4a) . (Fig. 4b) . Data on LRC were only reported in one study, which found a non-significant worse prognosis for patients with high CD8C TIL count (HR 1.60 (0.31-8.26)).
FoxP3 as prognostic biomarker
Nine studies reported results on the prognostic value of FoxP3C TILs. In HPV-negative patients, a better OS was observed in patients with high FoxP3C TIL infiltration (pooled HR 0.80 (0.70-0.92)) (Fig. 5a) . A comparable trend was seen for DFS (pooled HR 0.77 (0.57-1.02)) and LRC (pooled HR 0.92 (0.81-1.04)).
It was not possible to perform a meta-analysis for HPV-positive patients, because only one study provided the required data for each outcome measurement. Oguejiofor et al. reported a slightly and non-significantly better OS for patients with high FoxP3C TIL count (HR 0.76 (0.23-2.51)) and a non-significantly worse LRC for this patient group (HR 1.70 (0.68-4.25)). 37 Punt et al. showed a trend toward a better DFS for high FoxP3C TILs (HR 0.28 (0.08-1.02)). 40 Results of these separate studies are shown in Fig. 5b .
TIL ratios as prognostic biomarker
It was not possible to perform a meta-analysis on TIL ratios, because an insufficient number of studies provided the required data. Only one study assessed the prognostic value of the CD8/ FoxP3 ratio; Nasman et al. reported a significant better DFS for patients with a high CD8/FoxP3 ratio in HPV-negative patients (HR 0.28 (0.1-0.9)). 34 Both CD3/FoxP3 ratios and FoxP3/CD4 ratios were also reported once; Zhou et al. (2016) found an association between a high FoxP3/CD4 ratio and a worse OS (HR 13.19 (1.96-14) ). 
Discussion
In this systematic review and meta-analysis, we investigated the prognostic value of different subsets of T-cells for predicting HNSCC outcome.
Firstly, we investigated the prognostic value of the general Tcell marker CD3. According to our meta-analysis, high CD3C TIL infiltration correlated with a favorable prognosis for both HPV-negative and HPV-positive head and neck tumors. This fits with the hypothesis that immune cells in the tumor microenvironment are of great importance for clinical outcome, and this is also in line with findings in other cancer types. 7 The prognostic value of CD8C TILs was most frequently assessed. Because cytotoxic T-cells belong to the subset of T-cells that directly target tumor cells, it is a more robust biomarker than CD3. Indeed, almost every study that assessed the prognostic value of CD8C TILs found a better outcome for HPV-negative as well as HPV-positive patients with high CD8C T cell infiltration, which was also seen in our meta-analysis.
Several studies assessed the prognostic value of CD4C TIL infiltration in HNSCC. However, the role of CD4C lymphocytes in the tumor micro-environment is ambiguous. 16 A wide range of CD4C cell subsets with different functions exists, ranging from the cytotoxic cell response stimulating Th1 cells, to the immune suppressing regulatory T-cells. Staining for CD4 expression alone does not distinguish between these subsets. 13, 17 Our meta-analysis suggested high CD4C TIL infiltration to be a favorable, prognostic biomarker for the outcome of HNSCC. However, it was not possible to extract the required data from most studies that investigated the prognostic role of CD4C lymphocytes. The publications did not report their results because of lack of statistical significance, possibly implicating the presence of publication bias in our analysis.
Considering the ambiguous role of CD4C lymphocytes in the tumor micro-environment, the small number of eligible studies, and the high suspicion of publication bias for this marker, we conclude that the prognostic role of CD4 remains questionable.
Finally, we assessed the prognostic value of FoxP3. According to our meta-analysis, high tumoral infiltration with FoxP3C lymphocytes predicts a better clinical outcome in HNSCC patients. Although this was described previously in HNSCC, colorectal cancer and esophageal cancer, 14 it is unexpected that the presence of immune-suppressing T-cells in the tumor microenvironment was associated with better clinical outcome. A possible explanation for this phenomenon, is that Tregs play a role in suppressing the ongoing, ineffective inflammatory response, which is associated with promoting tumor progression by growth factor and inflammatory cytokine producing immune cells, such as macrophages and dendritic cells.
14,52 Other studies suggested that the number of FoxP3C TILs could be just a reflection of the total amount of T cells present in tumor epithelium and that the beneficial effect of CD8C T cells outweighs the immunosuppressive effect of the Tregs. 38 A way to investigate this potential phenomenon is to look at CD8/FoxP3 ratio. A high ratio, which thus reflects a relative depletion of Tregs, is a potentially robust biomarker for better clinical outcome in different tumor types. 7 In HNSCC, only one study assessed this ratio, with promising results. 34 Additional research is necessary to validate the prognostic value of the CD8/FoxP3 ratio in HNSCC.
A last possible explanation for the favorable role of FoxP3C TILs that we found in our meta-analysis might be the heterogeneity of the FoxP3 expressing T-cell subset. Although considered the most specific Treg marker so far, FoxP3 is not specific for activated Tregs; additional markers, such as CD25 and the absence of CD127, might be required to discriminate Tregs with an immunosuppressive function. 53 The main, general limitation of this review, is the heterogeneity within tumor subsite among and within the studies included in our meta-analysis. The prognostic value of biomarkers is likely to differ between different tumor subsites and tumor stages. However, the small number of subjects included in most studies did often not allow stratification for these different circumstances. The use of more homogeneous patient cohorts could strengthen the conclusions on prognostic biomarkers and also provide more insight into the differences between patient subgroups.
This also applies to heterogeneity in treatment modality. Since different treatment modalities have a different mechanism of action, it is likely that the prognostic value of biomarkers also depends on the given therapy. Very few studies accounted for treatment modality in their analysis. Therefore we can only conclude on the general prognostic value of T-cell markers, while the predictive value for specific treatment modalities still has to be elucidated. To incorporate prognostic T-cell markers in clinical practice, more prognostic studies with homogeneous patient cohorts with respect to tumor subsite and tumor stage as well as correction for treatment modality are needed.
Although we focused on TILs in the tumor epithelium, it should be noted that the presence of TILs in the tumor stroma has its effect on prognosis and therapy response as well. However, the prognostic significance of stromal and epithelial immune cells differs. 54 To keep the data as comparable as possible we excluded data on stromal TILs from our analyses.
To incorporate TILs in clinical practice, it is necessary to determine standardized, validated cut-offs for quantification. However, since methods of quantifying TILs and patient cohorts differed strongly among the studies included in this meta-analysis, it was not possible to suggest general cutoffs yet. Some studies that did not meet the inclusion criteria for this systematic review were total lymphocyte counts based on hematoxyline-and eosin (H&E) stained sections of head and neck tumors. 34, [55] [56] [57] [58] However, because we specifically aimed to evaluate the role of T-cells and their subsets in HNSCC prognosis, and H&E staining does not discriminate between different intratumoral immune cells, we did not include studies that quantified TILs in H&E stained sections.
Although immunohistochemistry is more distinctive than H&E staining, heterogeneity of staining for CD markers alone remains a limitation. Besides the heterogeneity in the FoxP3 expressing T-cell subset, CD4 and CD8 are also not exclusively representative for T helper cells and cytotoxic T-cells, respectively, but are also observed on macrophages and dendritic cells. 59, 60 Modern techniques that are able to identify different T-cell subsets more specifically might provide more robust biomarkers for HNSCC prognosis and therapy response.
In conclusion, our meta-analysis confirmed the prognostic role of both intratumoral CD3C T-cell infiltration and CD8C T-cell infiltration in HNSCC. High counts of CD3-and CD8-positive lymphocytes predicted a better clinical outcome. However, for incorporating different T-cell markers as predictive biomarkers in clinical practice, investigation of these biomarkers in homogeneous cohorts with regard to tumor subsite, tumor stage, and therapy with robust, modern techniques, is needed.
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